Chestnuts are a widely consumed fruit around the world, being Portugal the fourth biggest producer in Europe. Storage of these nuts is an important step during processing, and the most widely used fumigant was banned in the European Union under the Montreal protocol due to its toxicity. Recently, radiation has been introduced as a cheap and clean conservation method. Previous studies of our research group proved that gamma radiation had no negative effect on the nutritional value of chestnuts; in fact, storage time had a much bigger influence on the chestnut quality. In the present study, we report the effect of a less ionizing radiation, electron beam, with doses of 0, 0.5, 1, 3 and 6 kGy in the nutritional value of chestnuts (ash, energy, fatty acids, sugars and tocopherols), previously stored at 4 ºC during 0, 30 and 60 days. The storage time seemed to reduce fat and energetic values but reported a tendency for higher values of dry matter. Regarding fatty acids, there was a higher detected quantity of C20:2 in non-irradiated samples, and four fatty acids were only detected in trace quantities (C6:0; C8:0; C10:0 and C12:0). γ-tocopherol decreased during storage time but did not alter its quantity for all the radiation doses (as like α-,β-and δ-tocopherol); in fact these compounds were present in higher concentration in the irradiated samples. Sucrose and total sugars were lower in non-irradiated samples and raffinose was only detected in irradiated samples. Electron beam irradiation seems to be a suitable methodology, since the effects on chemical and nutritional composition are very low, while storage time seems to be quite important in chestnut deterioration.
INTRODUCTION
Chestnuts are one of the oldest consumed fruits in Portugal; they were consumed many centuries before potatoes and other tubers became available.
1 Recently, the land occupied 7 0.32 mm ID × 0.25 µm df). The oven temperature program was as follows: the initial temperature of the column was 50 ºC, held for 2 min, then a 30 ºC/min ramp to 125 ºC, 5 ºC/min ramp to 160 ºC, 20 ºC/min ramp to 180 ºC, 3 ºC/min ramp to 200 ºC, 20 ºC/min ramp to 220 ºC and held for 15 min. The carrier gas (hydrogen) flow-rate was 4.0 ml/min (0.61 bar), measured at 50 ºC. Split injection (1:40) was carried out at 250 ºC. Fatty acid identification was made by comparing the relative retention times of FAME peaks from samples with standards. The results were recorded and processed using CSW 1.7 software (DataApex 1.7) and expressed in relative percentage of each fatty acid.
Analysis of Tocopherols
Tocopherols content was determined following a procedure previously described by the authors. 16 The HPLC system described above was connected to a fluorescence detector (FP-2020; Jasco) programmed for excitation at 290 nm and emission at 330 nm. The chromatographic separation was achieved with a Polyamide II (250 × 4.6 mm) normal-phase column from YMC Waters operating at 30 ºC. The mobile phase used was a mixture of nhexane and ethyl acetate (70:30, v/v) at a flow rate of 1 ml/min. The compounds were identified by chromatographic comparisons with authentic standards. Quantification was based on the fluorescence signal response, using the internal standard method. Tocopherol contents in the samples are expressed in mg per 100 g of dry weight (dw).
Statistical Analysis
For each one of the storage times and irradiation doses three samples were analysed, with all the assays being also carried out in triplicate. An analysis of variance (ANOVA) with Type III sums of squares was performed using the GLM (General Linear Model) procedure of the SPSS software, version 18.0. The dependent variables were analyzed using 2-way ANOVA, with the main factors "irradiation dose" (ID) and "storage time" (ST). When a (ID×ST) was detected, the two factors were evaluated simultaneously by the estimated marginal means plots for all levels of each single factor. Alternatively, if no statistical significant interaction was verified, means were compared using Tukey's honestly significant difference (HSD) multiple comparison test.
In addition, a linear discriminant analysis (LDA) was used to assess the influence of either different storage times or irradiation doses on proximate composition, fatty acids, tocopherols or sugars profiles. A stepwise technique, using the Wilks' λ method with the usual probabilities of F (3.84 to enter and 2.71 to remove), was applied for variable selection. This procedure uses a combination of forward selection and backward elimination procedures, where before selecting a new variable to be included, it is verified whether all variables previously selected remain significant. 21, 22 With this approach, it is possible to identify the significant variables obtained for each sample. To verify which canonical discriminant functions were significant, the Wilks' λ test was applied. A leaving-one-out cross-validation procedure was carried out to assess the model performance.
All statistical tests were performed at a 5% significance level. All the assays were carried out in triplicate. The results are expressed as mean values with standard deviation (SD).
RESULTS AND DISCUSSION
The effects of electron beam irradiation (0, 0.5, 1, 3 and 6 kGy) and storage time (0, 30 and 60 days), as well as the interaction of both effects, were assessed by evaluating changes in nutritional composition of selected chestnut samples. Considering both effects together, it is possible to understand the influence of irradiation dose (ID) independently of storage time (ST) and vice versa, an essential requirement to consider electron beam irradiation as a feasible conservation technique. (only for ST). The allowed multiple comparisons pointed out a lower fat content and energy value after 60 days of storage, while the highest content of fat was quantified in samples irradiated with a 3 kGy irradiation dose (ID). However, from the analysis of the plots (data not shown) of the estimated margins means (EMM), it was also possible to identify a marked tendency for a higher dry matter value after 60 days of storage. . 17 The applied ID did not cause any significant change in tocopherol profiles, but the overall content tended to be higher in irradiated samples ( Figure 1B) . In another study, 16 the use of gamma irradiation exerted a protective effect on vitamin E content that could be associated with the conversion of molecular to atomic oxygen, decreasing the oxidation of tocopherol molecules. Furthermore, vitamin E has a well-known stabilizing effect against oxidation.
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The results obtained for individual sugars are presented in Table 4 . Like the former results, ST caused higher changes than ID, despite the only statistical significant differences that might be pointed out were the lower values obtained for sucrose and total sugars in non stored samples. Furthermore, raffinose was only found in non stored samples, indicating that the trisaccharide might have been hydrolyzed along time; this hypothesis is reinforced by the slight increase of fructose and glucose, despite galactose had not been detected.
In general, the results are similar to those obtained in previous studies, 1, 6, 10, [24] [25] [26] with water and carbohydrates as major components among nutritional parameters, oleic and linoleic acids as the main fatty acids, γ-tocopherol as the most abundant vitamin E isoform and sucrose as the highest individual sugar.
Generally, the assayed electron beam ID (0.5 to 6 kGy) seemed to produce less obvious effects than ST in all the assessed parameters.
To confirm this assumption, the results were evaluated through a linear discriminant analysis (LDA). All independent variables selected by the stepwise procedure of the discriminant analysis were statistically significant according to the Wilks'λ test (P < 0.05).
The LDA was performed according with the analysed groups of compounds (proximate composition, fatty acids, tocopherols or individual sugars, or all parameters simultaneously), in order to find which one permitted the best classification performance. The main outcomes for each case are presented in Table 5 . As it can be seen, the differences induced by ID showed higher discriminant ability than those caused by ST. When the results of all assayed parameters were included in the model, 96.7% of the cases were correctly classified; i.e. the The LDA results in 
